JPL D-13315
Contract Data Requirements List (CDRL) #98

Earth Observing System

II Multi-angle

Imaging

M I S R Spectro-
Radiometer

In-Flight Radiometric Calibration
and Characterization Plan

Carol Bruegge'
Robert Woodhouse?!

Ljet Propulsion Laboratory, California Institute of Technology

JAPLU

Jet Propulsion Laboratory

California Institute of Technology April 29, 1996



JPL D-13315

Multi-angle Imaging SpectroRadiometer (MISR)

In-Flight Radiometric Calibration
and Characterization Plan

Approvals:

David J. Diner
MISR Principal Investigator

Terrence H. Reilly
MISR Project Manager

Graham W. Bothwell
MISR Science Data System Manager

James E. Conel
MISR Validation Scientist

APL

Jet Propulsion Laboratory
California Institute of Technology



TABLE OF CONTENTS

L INTRODUCTION . . e e e e e e e e e e e e 7
L.l PURPOSE. . .. 7
1.2 SCOPE . .. 7
1.3 APPLICABLE DOCUMENTS ... ... e e e 8
1.3.1 Controlling project documents. . . ... e 8
1.3.2 Reference project dOCUMENTS. . . . .. ..ottt e 9
1.4 REVISIONS . .. e e 9
2. EXPERIMENT OVERVIEW. . . ... e e e 11
21 MISR SCIENCE OBJECTIVES . ... .. e e e e 11
2.2 INSTRUMENT DESCRIPTION . . . oo e 11
2.3 SCIENCE MODES. . . . . e e 12
2.4 MISSION OPERATIONS . ... e e e 13
2.5 DATA PRODUCT S . .. e e e e e 13
2.5.1 Level 1A Reformatted Annotated Product ............................ 14
2.5.2 Level 1B1 Radiometric Product. . . .. ... 15
2.5.3 Ancillary Radiometric Product . .. ............ . 16
25 4Metadata. . .. ... 17
3. CALIBRATION OVERVIEW. . . .. e e e e e 19
3.1 REQUIREMENTS . ..o e 19
3.2 DETECTOR-BASED CALIBRATION. . . .. e 19
3.3 CALIBRATION EQUATION . . e e 20
3.3.1 SOUICE COION . . o et e e e 22
34 IFRCC OBIECTIVES . ... e e e e e e e e 22
3.4.1 In-flight radiometric calibration. . . . . ........... ... ... ... ... ... .... 24
3.4.2 Level 1B1 Radiometric Product algorithm development . ................ 25
3. 4.3 Characterization. . .. ... .ot 26
3.4.4 Calibration integrity. . . ... ... 27
4. PREFLIGHT CALIBRATION AND CHARACTERIZATION . . ... ..o 29
4.1 PERFORMANCE TESTING OVERVIEW. . . ... . 29
4.2 CAMERA PERFORMANCE SUMMARY . . .. e 31
4.2.1 Pixel nonuniformity of reSponse . . ... .. 32
4.2.2Low-level halo. . ... .. 32
4.2.3 Spectral in-band variability . . .. ... ... 32
4.2.4 Spectral out-of-band response . . ... . .. 33
425 DN OffSet . .. 33
4.2.6 SatUratioN . . .. ..ot 34

In-flight Radiometric Calibration and Characterization Plan, JPL D-13315
3



4.2.7 Sub-pixel illumination . . . . ... . 35

4.3 ARCHIVAL OF PREFLIGHT INSTRUMENT DATA ... ... i 35
4.4 SPACECRAFT INTEGRATION . . . e 35
4.4.1 Calibration panel exchange . .. ........ . . 35
4.4.2 Degradation check . . ... .. . 36
5. IN-FLIGHT RADIOMETRIC CALIBRATION . . .. ... e 37
5.1 0BC CALIBRATION . ..o e e 40
5.1.1 Diffuse panels . ... .. 41
5.1.2 Calibration photodiodes. . . . . ... .. 42
5.1.3 GONIOMEIE . . oo 42
5.1.4 OBC Uncertainty Analysis . . ... e 43
5.2 VICARIOUS CALIBRATION. . . .ttt 43
5.2.1 High-altitude sensor-based calibration ................ ... ... .. ........ 45
5.2.2 Surface radiance-based calibration .. ................ ... ... . . 46
5.2.3 Surface reflectance-based calibration .. ........... ... ... .. ... .. ... 46
5.3 HISTOGRAM EQUALIZATION . . ..o e e e e e 47
5.4 TRENDING ANALYSIS . . .. e 48
6. LEVEL 1B1 RADIOMETRIC PRODUCT ALGORITHMS. . ... ... ... ... ... o 51
6.1 RADIANCE SCALING . . ..o e 51
6.2 RADIANCE CONDITIONING . . . ... e 51
6.2.1 PSF deconvolution. . . ... 52
6.2.2 Spectral in-band scaling. . . ... ... 52
6.3 ARP GENERATION . . .. e e e 52
7. CHARACTERIZATION . .o e e e e 55
7.1 SCENE SPECIFIC RADIOMETRICERRORS . ... ... ... i, 55
7.1.1 Contrasttarget . . .. ... 55
7.1.2 SPECHral  ITOIS . . . o oot 55
7.1.3 Pixel non-uniformity . . ... ... . . 56
7.1.4 Polanization . ... 57
7.2 NOISE STUDIES . . ... e e e e e e e 57
7.2. 1 Dark CUMENt. . . o 57
7.2.2 C0herent NOISE . . . . ... 58
7.2.3 AlI@aSING NOISE. . . . .o 58
7.2.4 Signal-to-Noise Ratio. . . . . ... ... 58
7.25 Offset uncertainty. . . ... 58
7.3 DATA ANOMALIES. . . . e e e 59
7.3.1 Bright target reCoVery . . ... i 59
7.3.2 Saturation rECOVEIY . . .ottt et e e 59
7.3.3 Channel-stop illumination . . . . ... .. . . 59



7.AMTF/ CTE STABILITY . . e e e e 59

7.5 LOCAL MODE TARGET SELECTION. . . ... 60
8. CALIBRATION INTEGRITY . . .o e e 61
8.1 LEVEL 1B1 RADIOMETRIC PRODUCT VALIDATION . .................. 61
8.1.1 SensOor CroSS-COMPANISON . . . . v vttt e et et e e e e e e e e e 61
8.1, 2 DSt SCENES . . . ittt 62
8.1.3 Lunarobservation . ... ....... .. 62
8.2 QUALITY ASSESSMENT . .. e et e 63
8. 3 TRACEABILITY . . e e 64
0. MANAGEMENT . . . e e 67
9.1 PERSONNEL ROLES . . ... e e e e e e 67
0. L. L IFRCC tRaAM . . o oot 67
9.1.2 Resources externaltothe IFRCCteam .. ......... ... .. ... 68
9.2 WORK PLAN. . . 68
9.23Taskandschedule . .......... .. . . 68
9.3 SOFTWARE DEVELOPMENT APPROACH . ... ... e 72
9.3.4 Requirements analysis . . . ... ... 72
0.3.5 SysteEmM deSigN . . . ..o 73
9.3.6 Prototyping / Implementation ......... ... .. . . . . . 73
S A 1= 74
9.3.8 Documentation and delivery . . .......... . 74
9.3.9 Maintenance and reVviSion . . ... ...ttt 74
9.3.10 Archiving of results . . . ... ... .. . e 74
10. REFERENCES . . . .. 75
10.1 MISR EXPERIMENT . ... e 75
10.1.1 Preflight analysis . . . . . ..o 75
10.1.2 MISR calibration approach . ......... . ... . .. . . 75
10.1.3 On-Board Calibrator design. . . . ...t e 75
10.1.4 Vicarious calibration . . . . ... ... 75
10.1.5 Quality @SsSessSment. . . . ... it e 76
10.2 EOS PROGRAM . .. e e 76
10.3 IN-FLIGHT CALIBRATION METHODOLOGIES .. ..............ccv... 77
10.3. 1 Kalman filtering. . . . ... ..o e 77
10.3.2 AVIRIS vicarious calibration . .......... ... . . 77
10.3.3 Histogram equalization . ... ........... e 79
10.3.4 Coherent NOISE . . . . .ottt 79
10.3.5 AllaSiNg NOISE. . . . ottt e 79
10.3.6 DESEIt SCENES . . . . ottt 79
10.4 MISCELLANEOQUS . . . ... e e e e 80
10.4.1 Exo-atmospheric solarirradiance ............... .. .. . . ... 80

In-flight Radiometric Calibration and Characterization Plan, JPL D-13315
5



10.4.2 Radiative transfer. . . ... .. 80

10.4.3 Reflectance standards. . . . . ... 80
APPENDIX A. NOMENCLATURE. . . .. . e 81
AL SCIENCE . . . 81
A2 DAT A 82
A.2.1 Data aCquISItION . . . . ..t 82
A.2.2 Data product generation. . . . ......... .ttt 82
A.3 RADIOMETRIC PRODUCT . . . ..o e e e e 82
A.4 CHARACTERIZATION . . . o e e e 83
A4 1 RAIOMEIIIC . . . ot e e e e e e e s e 84
A S INSTRUMENT . . .. e e e s 85
A.5.1 On-Board Calibrator . . ... ... ... .. 85
APPENDIX B. CALIBRATION MODE SEQUENCE . .......... . i 87



ACRONYMS

A

ARP Ancillary Radiometric Product

AVIRIS Airborne Visible/ Infrared Imaging Spectrometer
AQ detector area times field-of-view product
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ISLSCP International Satellite Land Surface Climatology Project
J

JPL Jet Propulsion Laboratory
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LM Local Mode

M

MAST MISR Aliveness and Stability Test

In-flight Radiometric Calibration and Characterization Plan, JPL D-13315
7



MISR
MODIS
MSS
MTF

NIST
NRLM

OBC
ocCccC

PAR
PIN
PGS
PSF
PTFE

QA

RCC
RTC

SCF
SNR
SPOT

TDRSS
™
TOA

uv

VC

Multi-angle Imaging SpectroRadiometer
Moderate Resolution Imaging Spectroradiometer
Multispectral Scanner System

modulation transfer function

National Institute of Standards and Technology
National Research Laboratory of Metrology

On-Board Calibrator
Optical Characterization Chamber

photosynthetically active radiation
stacked p, intrinsic, and n doped layers
Product Generation System
point-spread-function
polytetrafluoroethylene

quality assessment

Radiometric Characterization Chamber
radiative transfer code

Science Computing Facility
signal-to-noise ratio
Systeme Probatoire d’Observation de la Terre

Tracking and Data Relay Satellite System
Thematic Mapper
top-of-atmosphere

ultraviolet

vicarious calibration



1. INTRODUCTION
1.1 PURPOSE

This document defines the strategy for producing the in-flight radiometric calibration and
characterization (IFRCC) of the Multi-angle Imaging SpectroRadiometer (MISR). The effort will
be managed by the MISR Instrument Scientist and implemented by the IFRCC team, which
resides at NASA/ Jet Propulsion Laboratory (JPL), and will draw upon other MISR resources as
needed to accomplish its objectives. The activities can be divided into two major sub-tasks: 1) the
development of algorithms and software for the analysis and archival of data in order to maintain
the calibration and monitor performance metrics of the instrument, and 2) the development of
algorithms needed for the production of the MISR Level 1B1 Radiometric Product.

1.2 SCOPE
This plan is divided into nine sections.

e Section 1 provides the purpose and scope of the document, and lists MISR Project
documents relevant to this plan.

» Section 2 gives an overview of the MISR experiment, instrument, and data products.

» Section 3 is an overview of the in-flight radiometric calibration and characterization
approach and objectives.

» Section 4 is a description of those preflight test activities that provide heritage to this
in-flight program. Included is a summary of camera performance issues that have
impacted the Level 1B1 processing approach and anticipated data anomaly
conditions..

» Section 5 provides a detailed description of the in-flight radiometric calibration
methodologies, including the derivation of coefficients and radiance uncertainties from
On-Board Calibrator (OBC), vicarious calibration (VC), histogram equalization (HE),
and trend data sets.

» Section 6 provides an overview of the processing algorithms and Ancillary
Radiometric Product (ARP) input used to provide the MISR Level 1B1 Radiometric
Product. These algorithms are used to retrieve incident radiances, given camera digital
numbers (DN).

e Section 7 describes the plans to provide the instrument characterization. Here,
instrument performance is studied under specific viewing conditions which may affect
the data quality. Included in this task is the determination of radiometric uncertainties
for specific scene types, and the noise assessment of the data.

In-flight Radiometric Calibration and Characterization Plan, JPL D-13315
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» Section 8 describes the calibration integrity task. The primary objective of this task is
the validation of the Level 1B1 Radiometric Product. Sensor cross-comparisons are
made, and lunar observation data are tracked (if available) as part of the radiometric
calibration verification program. Additionally, this section covers quality assessment
and traceability of the radiance scale.

» Section 9 is the management description, including personnel and computing
resources, and the top-level schedule.

» Section 10 provides open-literature references from peer-reviewed and conference
publications.

The appendices provide:

* IFRCC nomenclature; and

» details of the on-orbit calibration mode sequences.
1.3 APPLICABLE DOCUMENTS

Throughout this document a notation of the form [shorthand] will be used to reference
project documents. The actual references and associated [shorthand] definitions are listed in
Sections 1.3.1 and 1.3.2. Open literature references are pointed to by means of superscript
numbers in the text. These numbers refer to the publications listed in Chapter 10.

Other MISR calibration activities are described elsewhere. Specifically, the preflight
calibration plan is described in [PreCal Plan]; and in-flight geometric calibration is described in
[GeoCal Plan]. The latter activity is required for generation of the Level 1B2 Georectified
Radiance Product. The provision of top-of-atmosphere vicarious radiances across the spectrum at
MISR view angles, is provided by the Validation Team, and is discussed in [Val Plan]. (These
radiances are used by the IFRCC team to establish a vicarious instrument calibration.) Controlling
documents for the IFRCC program include the [ISR] and the [FDR], which define the instrument
requirements. Included in the reference section are summary publications of the MISR calibration

progrant: 3

Following publication of this plan, the IFRCC team will prepare two algorithm theoretical
basis documents. The first, [L1Rad ATB], is a revision to the current [L1B1 ATB], which
describes the algorithms used to produce the Level 1B1 Radiometric Product. Processing for this
product will occur at the Distributed Active Archive Center (DAAC). The second document is the
[[FRCC ATB]. This describes the algorithms which will routinely run at the JPL Science
Computing Facility (SCF). In simplified terms, the [IFRCC ATB] describes the instrument
calibration process, the [L1Rad ATB] describes the radiance retrieval process.

1.3.1 Controlling project documents

[shorthand] Reference

1. Introduction
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[FDR]

[ISR]

MISR Algorithm Development Plan, JPL D-11220, 11 Apr. 1995.
MISR Calibration Management Plan, JPL D-7463, 17 Aug. 1990.
MISR Data Product Description, JPL D-11520, 13 Sept. 1993.

MISR Instrument Functional and Design Requirements, JPL D-9988,
Rev. A, 29 Nov. 1994.

MISR Instrument Science Requirements, JPL D-9090, Rev. B, 25 Aug.
1994.

1.3.2 Reference project documents

[shorthand]

[GeoCal Plan]

[I[FRCC ATB]

[L1B1 ATB]

[L1Rad ATB]

[PreCal Plan]
[Val Plan]

1.4 REVISIONS

Reference
MISR In-flight Geometric Calibration Plan, JPL D-13228.

MISR In-flight Radiometric Calibration and Characterization
Algorithm Theoretical Basis.

MISR Level 1B1 Radiometric Product Algorithm Theoretical Basis,
JPL D-11507, Rev. A, 01 Nov. 1994.

L1 Radiance Scaling and Conditioning Algorithm Theoretical Basis,
JPL D-11507, Rev. B.

MISR Preflight Calibration Plan, JPL D-11392, 10 Jan. 1994.

MISR Science Data Validation Plan, JPL-12626.

This is the initial release of this document. The document will be updated annually
preceding each new release of the Level 1B1 software.
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2. EXPERIMENT OVERVIEW
2.1 MISR SCIENCE OBJECTIVES

The Multi-angle Imaging Spectro-Radiometer (MISR) instrument is part of an Earth
Observing System (EOS) payload to be launched in 1998. The purpose of MISR is to study the
ecology and climate of the Earth through the acquisition of systematic, global multi-angle
imagery in reflected sunlight. MISR will monitor top-of-atmosphere and surface reflectances on a
global basis, and will characterize the shortwave radiative properties of aerosols, clouds, and
surface scenes. Data from the MISR experiment will enable advances in a number of areas
concerning global change:

» Clouds. High resolution bidirectional reflectances will be used in cloud classification,
and the spatial and temporal variability of cloud hemispheric reflectance will be
determined. Stereoscopic measurements will be used to retrieve cloud-top elevations.
These data will help discern the role of different clouds types in the Earth’'s energy
balance.

» Aerosols. Multi-angle radiance data will be used to determine aerosol optical depth,
and to identify particle composition and size distribution. These data will enable a
global study of the role of aerosols on the energy budget, and will provide data used
for surface retrievals.

» Land surfce. Retrievals of surface bidirectional and hemispheric reflectances will be
used to characterize vegetation canopy structures and for investigating the effect of
land surface processes on climate.

* Oceans. MISR will provide data to support ocean biological productivity studies in
regions of low phytoplankton pigment concentrations, such as much of the tropical
oceans.

2.2 INSTRUMENT DESCRIPTION

The MISR instrument consists of nine pushbroom cameras. It is capable of global
coverage every nine days at the equator and 2 days in the polar regions. It flies in a 705-km
descending polar orbit and takes about 7 minutes of flight time to observe any given region at all
nine view angles. The cameras are arranged with one camera pointing toward the nadir
(designated An), one bank of four cameras pointing in the forward direction (designated Af, Bf,
Cf, and Df in order of increasing off-nadir angle), and one bank of four cameras pointing in the
aftward direction (using the same convention but designated Aa, Ba, Ca, and Da). Images are
acquired with nominal view angles, relative to the surface reference ellips6fd 26£1°, 45.6,
60.C°, and 70.5 for An, Af/ Aa, Bf/ Ba, Cf/ Ca, and Df/ Da, respectively. Each camera uses four
Charge-Coupled Device (CCD) line arrays in a single focal plane. The line arrays consist of 1504
photoactive pixels plus 16 light-shielded pixels per array (eight at each end), each ginxsl8
size. In addition, the camera circuitry clocks out 536 overclock pixels. These are samples of the
serial register which follow the reading of the active and shield pixel elements. They represent a

In-flight Radiometric Calibration and Characterization Plan, JPL D-13315
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measure of the camera offset DN. The instrument electronics capture only the active, last eight
shield, and first eight overclock pixels for transmission. Each line array is filtered to provide one
of four MISR spectral bands. The spectral band shapes will nominally be gaussian with
bandcenters at 443, 555, 670, and 865 nm.

MISR will acquire images in each of its channels with spatial sampling ranging from 275
m (250 m cross-track in the nadir) to 1.1 km (1.0 km cross-track in the nadir), depending on the
on-board pixel averaging mode used prior to transmission of the data. The instrument is capable
of buffering the data to provide 4 sample x 4 line, or 1 sample x 4 line averages, in addition to the
mode in which pixels are sent with no averaging. The averaging capability is individually
selectable within each of the 36 channels (nine cameras, four bands each).

2.3 SCIENCE MODES
There are several observational science modes of the MISR instrument.

Global Moderefers to continuous operation with no limitation on swath length. Global
coverage in a particular spectral band of one camera is provided by operating the corresponding
signal chain continuously in a selected resolution mode. Any choice of averaging modes among
the nine cameras that is consistent with the instrument power and data rate allocation is suitable
for Global Mode.

Local Modeprovides high resolution images in all 4 bands of all 9 cameras for selected
Earth targets. This is accomplished by inhibiting pixel averaging in all bands of each of the
cameras in sequence, one at a time, beginning with the first camera to acquire the target and
ending with the last camera to view the target. The instrument geometry limits the downtrack
length of Local Mode targets to about 300 km.

In each of the fou€Calibration Modeghe flight photodiodes are turned on.Gal-Diode
the photodiodes are turned for one minute during Global Mode and collect Earth data
simultaneously with the cameras.@al-Dark the photodiodes and cameras collect data over the
dark Earth in order to monitor dark current noise stabilitCahNorthandCal-South Modethe
on-board diffuse panels are deployed, and calibration data are acquired for the cameras. Only the
Cal-Dark, Cal-North, and Cal-South mode are part of the routine survey. For these, observations
are made during a monthly calibration exercise, or more frequently during initial on-orbit testing.
Each of these modes clocks through all integration times and camera averaging modes. For this
reason these modes will be utilized heavily during instrument functional testing, both preflight
and on-orbit.

Calibration data will be obtained for each spatial sampling mode by cycling each channel
through the various modes during the calibration period. The latter three Calibration Modes will
be used on a monthly basis during routine mission operations, although early in the mission it will
be used more frequently.

2. Experiment overview
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In addition to these modes, the instrument is commanded DéskaModeover the dark
Earth side of each orbit (excluding Cal-Dark). Here the camera electronics are powered off to
conserve energy and there is no data acquisition.

2.4 MISSION OPERATIONS

MISR operates continuously on the dayside of each orbit. Instrument activities are
preplanned and scheduled. MISR flight computer commands necessary to carry out the mission
objectives are contained in tables covering a 16 day (233 orbit) cycle, which are uplinked on a
regular schedule.The instrument commands are loaded by the EOS Operations Center during
EOS-AM/Tracking and Data Relay Satellite System (TDRSS) contact periods. During a nominal
24 hour period the instrument cycles between the data acquisition modes and the dark mode on
each orbit. Regular calibrations of the instrument are conducted at specified intervals to maintain
the integrity of performance. Local Mode observations and data acquisitions will change to
account for seasonal effects or for specific activity monitoring.

For each orbit, the beginning orbit boundary is assumed to be the dark side equator
crossing (ascending node). This enables all data within a swath, including calibrations, to be
planned, commanded, and acquired as a unit.

The four science modes (Global, Local, Calibration and Dark) are within the Spacecraft
Science Mode and are not individually commanded by the spacecraft. Other operating modes
(Standby, Safe, Survival, Test and Off) have a one-to-one relationship to Spacecraft Modes and
can be commanded individually by the spacecraft or ground.

2.5 DATA PRODUCTS

The MISR Science Computing Facility (SCF) and Distributed Active Archive Center
(DAAC) are the sites where the functions of MISR data product algorithm development and
standard data product generation will be implemented, respectively. The SCF is the site where
guality assessment, algorithm and data product validation, and software development occurs. The
MISR DAAC, which is shared with several other EOS instruments, is the facility at which
software incorporating MISR science algorithms will operate in a high volume, real-time mode to
produce standard science data products.

The generation of science data products can be divided into six subsystems within the
Product Generation System (PGS). Each subsystem has at least one primary output product, but
may have other secondary output products. It is convenient to conceptualize the processes within
these subsystems as occurring in sequence, with the predecessor producing at least one complete
product, a portion of which is the primary input for the successor. Each of these subsystems
correspond to a processing level of a product generation flow, as shown in Figure 2.1. These levels
conform generally to the EOS scheme from Level 1 to Level 4. The first two items within the
Level 1B process box (radiance scaling and radiance conditioning) are developed under this plan
and constitute Level 1B1.

In-flight Radiometric Calibration and Characterization Plan, JPL D-13315
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Reformatting/ Radiometric/ Top-of-Atmosphere/
Annotation Subsystem Geometric Subsystem Cloud Subsystem
Level 1A Level 1B Level 2
Raw data ingest Radiance scaling Reflecting level
Radiance conditioning parameter generation Sy
: . L <+ Validation
Data reformatting ] Geometric rectification 7 Cloud classification alidatio
) and registration
Data annotation Cloud detection TOA albedo calculatior
v and
Level 4 Level 3 Level 2
Model generation High-level parameter dRetrieval path
eneration etermination .
Data analysis 9 Nl : < Quality
Global gridding Aerosol retrieval Assessment
Research publication Temporal binning Surface retrieval
Research/ Gridding/ Aerosol/
Modeling Subsystem  Binning Subsystem  Surface Subsystem

Figure 2.1. MISR Product Generation System

Standard products generated at the DAAC are critically dependent on calibration
parameters and other lookup data, such as threshold datasets, atmospheric climatologies, aerosol
and surface model datasets, which are produced at the SCF. Functions performed at the SCF are
separated from DAAC activities because they require much closer scrutiny and involvement by
the MISR Science Team than the MISR DAAC could provide. Updates to these data structures
occur infrequently compared to the rate of standard product generation, and therefore fit into the
more limited processing capabilities of the SCF. The Level 1A and 1B products are detailed
below, as they are most pertinent to this document.

2.5.1 Level 1A Reformatted Annotated Product

Square-root encoding is performed in-flight in order to compress MISR data prior to
transmission. Thus, the 14-bit data which are produced by each camera are square-root encoded,
through use of a table look-up process, and reduced to 12-bit numbers. At the lowest archive level
for MISR data, Level 1A, this step is reversed, then padded to a 16-bit word. That is, the Level 1A
data are representative of the original camera output. In addition to these camera DN values, the
Level 1A product is appended with platform navigation and MISR engineering parameters, and
points to the associated radiometric calibration coefficients, as shown in Table 2.1. Metadata files
are generated which assess the data quality by flagging lines of data that are missing, contain one
or more saturated pixels, have extremely high average DN values for the array, have DN values
for an active pixel which are less than the offset video, or transition from a scene of high
reflectance across most of the array, to a scene of low reflectance across most of the array. These
conditions may affect the data quality, to some degree, as is discussed in Section 4.2.

2. Experiment overview
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Table 2.1. Level 1A product

Product Principal contents

Level 1A: Reformatted Annotated | « Data numbers linearized via square-root decoding
Product * Navigation and engineering data, and pointer to the
relevant ARP file.

2.5.2 Level 1B1 Radiometric Product

The Level 1A data are used as input to the Level 1B1 processing code. The primary
objective of the MISR Level 1B1 processing algorithm is to produce a measure of incident
radiances, averaged over the in-band response profile, from the camera digital numbers (DN).
This parameters are summarized in Table 2.2. The radiometric data are reported at the same
spatial resolution as the input DN, and no re-sampling is performed. Processing is done routinely
on all transmitted MISR data.

Table 2.2. Level 1B1 Radiometric Product

Parameter Horizontal
Units Comments
name Sampling (Coverage)

Radiance W rif um?t | 250 m nadir, 275 m off- | « Radiometrically-scaled data
srt nadir, or averages per thes No geometric resampling
camera configuration | ¢ 9 cameras, 4 bands

(Global) * Uncertainty reported in Ancil-
lary Radiometric Product

The algorithm used to produce the Level 1B1 Radiometric Product requires knowledge of
the radiometric calibration coefficients for each pixel. This instrument calibration is updated
monthly using On-Board Calibrator (OBC) data, vicarious calibration (VC) data, histogram
equalization (HE) data, and trend data, as available. The coefficients used in the Radiometric
Product generation are documented in the Ancillary Radiometric Product (ARP), summarized in
Table 2.4. Also included in the ARP are absolute and relative radiance uncertainties, signal-to-
noise (SNR) ratios, spectral parameters, instantaneous fields-of-view (IFOV) information, and
various threshold parameters used in Level 1A metadata reports which describe the data quality.
The ARP is generated at the MISR SCF, updated as needed, and delivered to the DAAC. Thus,
production of the ARP is not part of the routine DAAC processing of MISR data, however it falls
within the purview of this plan.

Traditionally, the radiance retrieval is produced using a simple radiance scaling algorithm
in which a gain and offset coefficient (specific to each pixel) are used in conjunction with a linear
calibration equation. For MISR, a quasi-linear calibration equation that includes a small quadratic
term is utilized. In addition, point-spread function deconvolution, and in-band response non-
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uniformity corrections are to be implemented. The rationale for these is discussed in Section 4.2.

The IFRCC team will also develop an out-of-band correction algorithm, although this processing
will occur at higher processing levels.

2.5.3 Ancillary Radiometric Product

The contents of the MISR Ancillary Radiometric Product (ARP) are given in below, in

Tables 2.4 and 2.4.

Table 2.3. Level 1B1 Ancillary Radiometric Product: Updated parameters

calibration coeffi-

(G2); DN/ (W mi2 um'?

Updated parameters| Units Comments
Date range none * Revision number

« Date/ time range of applicability
Radiometric DN/ (W m2 pmtsrl)2 | « 3 coefficients for 1504 pixel values for

cameras and 4 bands

D

adio-

assessment threshol
parameters

cients srh) (G1);
DN (GO)

Absolute and relative| % *Absolute: 1504 pixel values for 9 cam-

camera calibration eras, 4 bands at 5 radiometric levels

uncertainties * Pixel relative: 1 value per band
» Camera relative: 1 value per camera

Signal-to-noise ratio§ none * Values for 9 cameras, 4 bands at 5
metric levels for each averaging mode

Data quality indicator none * Values: 2 (within specification), 1
(reduced quality), O (dead pixel). Provid¢d
for each averaging mode.

Level 1A quality DN threshold values for flagging lines of daga

that have

* one or more saturated pixels;

* extremely high average DN values for
the array;

* DN values for one or more active pixe:Is
e

which are less than the offset video val
for the line; or

* transition from a scene of high reflec-
tance across most of the array, to a sce
of low reflectance across most of the
array.
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Table 2.4. Level 1B1 Ancillary Radiometric Product: Static Parameters

Static parameters Units Comments

Spectral band paramr nm » Equivalent square-band and Gaussiar
eters (center wave- representation provided for each pixel, t‘
length, bandwidth, well as a typical spectral response profi
transmittance) for each line array.

Spectral in-band nont none * Provided for each line array as a functjon
uniformity correction of field-angle.

factors.

Spectral out-of-band * Provides out-of-band correction terms jat
correction matrix. MISR wavelengths.

* Provided for each line array.
* Field-angle independent.

Point-spread-func- | none » Unique for each line array.

tions (PSF)

Instantaneous field- | prad * Crosstrack and along track half-powerl

of-view (IFOV) points of pixel responsivity function with
angle

Exo-atmospheric W mZpm? « Weighted over each MISR spectral bagd

spectral solar irradi-

ances

PAR integration none » Used at Level 2 for generation of albeqos

weights in photosynthetically active radiation

(PAR) region.

2.5.4 Metadata

The MISR Level 1B1 Radiometric Product will contain metadata. These support
cataloging and searching of the data and provide additional data quality assessment flags. The
specific contents of this file will be developed as part of the Level 1B1 algorithm development
effort.

In-flight Radiometric Calibration and Characterization Plan, JPL D-13315
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3. CALIBRATION OVERVIEW
3.1 REQUIREMENTS

The only directly measured physical parameters observed by MISR are camera incident
radiances. All geophysical parameters, such as aerosol optical depth, cloud-fraction bidirectional
reflectance factor, or hemispheric reflectance, are derived from these data. Thus, MISR has
defined its instrument specification, calibration, characterization, and ground processing
requirements to meet the needs of its scientific community. In terms of absolute radiometry, MISR
performance is driven by the desire to:

» determine changes in the solar radiation budget, and thus provide data for global
climate studies;

e produce a data set of value to long-term monitoring programs and allow
intercomparisons of data on time scales exceeding that of an individual satellite; and

 provide EOS synergism, and allow data exchanges between EOS-platform
instruments.

Not all of the MISR measurement objectives are dependent upon high accuracy in the
absolute radiometric calibration. For example, the determination of the shape of angular
reflectance signatures of surfaces and clouds are dependent on the relative camera-to-camera and
band-to-band radiometric accuracy. The requirements for relative calibration have therefore been
made higher than the absolute requirements, in order to meet the needs of these products.

The requirements derived from the above considerations are challenging, and have been
defined in several controlling documents, including the [ISR] and [FDR]. As examples,
radiometric accuracy must be withit3% (10) over high reflectance, spatially uniform scenes,
and polarization insensitivity is to be better theli%o. The instrument must be unaffected by
image blur and scattering at less than the 2% level for a 5% equivalent reflectance (e.g., ocean)
scene 24 pixels distance from a high-contrast edge (e.g., a cloud boundary). All performance
requirements must be met through mission life.

3.2 DETECTOR-BASED CALIBRATION

The performance requirements specified for MISR influence both the design and testing
programs. MISR has been designed to meet short term stability and long term degradation
requirements. Radiation resistant components have been selected, as needed for the planned EOS
orbit environment. Sun blockers, lens shades, and a cover will prevent direct Sun illumination of
the MISR front optical element. UV illumination, in the presence of surface contamination, might
otherwise result in polymerization of the surface constituents and a decrease in optical
throughput. The design also minimizes stray light.

MISR radiometric accuracy objectives are met through instrument design and usage of
detector-based calibration technology. The latter is utilized at institutions such as the National

In-flight Radiometric Calibration and Characterization Plan, JPL D-13315
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Institute of Standards and Technology (NIST) and the National Physical Laboratory of England.
Detector-based technology avoids the uncertainties associated with the transfer of scale from one
source to another, and more importantly, those associated with lamp instabilities which increase
with time. The measure of incident radiance is provided with the standards, through knowledge of
their internal quantum efficiency (nearly 100%), filter transmittance, and the baffle tube area-solid
angle product.

For the preflight radiometric calibration, off-the-shelf, high quantum efficiency, trapped
laboratory standards are utilized. Precision apertures have been added by the MISR test team, to
define the fields-of-view for these standards. A verification has been made by evaluating the
precision of the radiance measurement among the various standards. Additionally, a round-robin
study has been conducted in which the participants sequentially viewed the JPL/ MISR
integrating sphere. Agreement was within 1%, thus giving us confidence in our 3% uncertainty

estimaté. Participating were calibration scientists from the Optical Sciences Center, University of
Arizona; National Research Laboratory of Metrology (NRLM), the Japanese standards
laboratory; and Goddard Space Flight Center (GSFC). Upon completion of the preflight activities,
the standards will be sent to NIST for further verification of the radiometric scale achieved with
use of these standards.

The flight instrument contains an On-Board Calibrator (OBC) which likewise makes use
of detector standards. The radiance scale for these is determined from a transfer of scale
established by the laboratory detector standards, using a small dedicated integrating sphere. The
tie between the preflight and in-flight radiometric scale is verified as both the flight and laboratory
diodes have an opportunity to view the laboratory integrating sphere. Additionally, the flight
diodes are measured for quantum efficiency, filter transmittance, and baffle-tube geometry.

MISR’s radiometric scale is traceable to NIST and other EOS sensors through the
reporting of radiances in Sl units as accomplished with use of the preflight and in-flight detector
standards, and verification of the same.

3.3 CALIBRATION EQUATION

Each photoactive pixel element stimulated with incident radiation responds with an output
measured in digital numbers (DN). The plot of incident radiance versus DN is termed the
radiometric transfer curve. The objective of radiometric calibration is to develop a calibration
equation which best represents the observed radiometric transfer curve, and to provide both a
guantitative determination of the gain coefficients to this equation, as well as the uncertainties in
measuring radiances using these coefficients. Radiometric calibration is best conducted using a
full-aperture (one that overfills the sensor’s field-of-view), spatially and spectrally homogeneous
source. Multip